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ABSTRACT

National estimates based on the findings from the
Health Examination Survey in 1963 to 1965 of uncorrected monocular
and binocular visual-acuity levels of children were studied. 1
nationwide sample of 7,817 children was selected to represent the
approximately 24 million noninstitutionalized American children
between ages 6 and 11 years. Testing was done with the Master
Ortho-Rater, a commercial instrument, on all children who could read
letters. Those who could not read were tested using lLandolt ring
charts. Wearly three-fourths of the subdjects were found to have at
least "normal” (20,720 or better) binocular distance vision. The
proportion with defective binocular distance vision showed a
remarkably consistent increase with age. At age 6, less than 1
percent tested no better than 20,100, while by age 11, the percentage
had increased to nearly 8. Boys were found to have significantly
better binocular visual acuity at both distance and near than girls.
Binocular vision tended to exceed moncocular vision at both distance
and near. Finally, closer agreement was found between binocular and
better monocular acuity than between the acuities for the two eyes.
Tables, figures, and references are given. (Author/nE)
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THIS REPORT CONTAINS national estimates based on findings from
the Health Examination Survey in 1963-65 onuncovrected monocular anc
binocular visual acuity levels of childven 6-11 years of age,

For this pavtof the surveya nationwide probability sample of 7,417 chil-
dren was selected to represent the voughly 24 million noninstitutional-
ized childrven 6~11 years of age in the United Siates. Of these, 7,119 or
96 percent were examined,

Monoculay and binoculay central visual acuity at distance and near were
measured without cycloplegics for each examinee as part of the stand-
avdized examination. Testing with a commercial instrumentat 12 levels
was done withoui glasses for all childven who could vead letters. Those
who could not read leiters were tested on approximately comparvable
Landolt ving charts,

Nearly three~fourths of these childven have at least "mormal (20/20 or
better vision in Snellen notation) binoculay distance vision without cor-
vection, The proportion rveaching similar levels at neav is only slightly
less.

The proportion with defective binocular distance vision is small but
shows a vemarkably consistent incvease with age, vear by yeav, fov
both boys and givis,

Bo&s weve found to have slightly but significantly better binoculay visual
acuity at both distance cnd neay than girls,

Binoculay vision tends to exceed the beltey monoculay vision which in
turn genevally tends to be better than that for either eye alone.

Closer agveement was found between binocular and better monoculay
acuity than between the acuities fov the two eves. The degvee of asso-

- ciation between distance and neay acuity was found to be highly signifi-

cant, but of a lower ovder than for the other measures at distance only,

SYMBOLS -
Data not available--secaccmeeccamaionaaaa- —
Category not applicable~-=a-=-ueoaoeonmcan vee
Quantity Zero--~===masmmm==cecmnecocooaoa -

Quantity more than O but less than 0,05---- 0.0

Figure does not meet standards of
reliability or precision----v--==w-=sax- --




VISUAL ACUITY OF CHILDREN

Jean Roberts and Kenneth R, Duyan, Division of Health Examination Statistics

INTRODUCTION

This report presentsuncorrected monocular
and binocular visual acuity levelsof children6-11
years of age in the noninstitutional population of
the United States as estimated from the Health
Examination Survey findings of 1963-65.

The Health Examination Survey from which
these data derive is one of the major programs
of the National Center for Health Statistics, au-
thorized under the National Health Suxvey Act of
1956 by the 84th Congresc as a continuing Public
Health Service activity to determine the health
status of the population.

Three different programs are used incarry-
ing out the National Health Survey.! Oneof these—
the Health Interview Survey—is concerned princi-
pally with the impact of illness and disability upon
the lives and actions of people, It collects informa-
tion from samples of people by household inter-
view. A second—the Health Records Survey—
consists of followback studies based on vital
records, institutional surveys to establish sam-
pling frames and provide data, and surveys based
on hospital records. The Health Examination Sur-
vey is the third major program,

Data are collected in the Health Examination
Survey by direct physical examinations, tests, and
measurements performed on the sample popula-
tions under study. This method provides the best
way to obtain «ctual diagnostic data on the preva-
lence of certain medically defined illnesses. It is
the only way to secure information on unrecog-
nized and undiagnosed conditions and on avariety
of physical, physiologic:1, and psychological

measures within the population, it also provides
demographic and socioeconomic data on the sam-
ple population under study.

The Health Examination Survey is conducted
as a series of separate programs referred to as
"cycles." Each cycle is limited to some specific
segment of the U.S. population and to certain
specified aspects of the health of tha* population,
Data in the first cycle were obtained onthe preva-
lence of certain chronic diseases and on the
distribution of various physical and physiological
measurements and other characteristics in a de-
fined adult population, as previously described, 2.3

For the second cycle, on which this report
is based, a probability sample of the Nation's
noninstitutionalized children 6-11 years of age
were selected and examined. The examination
focused primarily on health factors related to
growth and development. It included examinations
by a pediatrician and a dentist, tests administered
by a psychologist, and a variety of tests and
measurements by a tzchnician, This survey plan,
sample design, examination content, and operation
have been described previous!ly, 4

Field collection operations for this cycle
were started in July 1963 and completed in De-
cember 1965. Out of the 7,417 children selected
in the sample, 7,119 or 96 percent were examined,
This national sample is representative of the
roughly 24 million noninstitutionalized children
6-11 years of age in the United States.

Each child, during a single visit, was givena
standardized examination by the examining team
in the moblile units specially designed for use in
the survey. Prior to the examination, information
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was obtained from the parent of the child consist-
ing of demographic and socioeconomic data on
household members as well as medical history,
behavioral and related data on the child to be ex-
amined. Ancillary data for the child on grade
placement, teacher's ratings of his behavior and
adjustment, and health problems of the child
known to the teacher were requested from the
school he attended. Birth certificates were ob-
tained for verification of the child's age andfacts
relating to the child at birth.

Statistical notes on the survey design, reli-
ability of the data, and sampling and measurement
error are shown in appendix I,

VISION EXAMINATION

The vision examination consisted of tests to
detect and classify color vision deficiencies,
both monocular and binocular tests to measure
the level of central visual acuity at distance
and near, tests for lateral phoria at distance and
near and for vertical phoria at distance, a test
for bilateral accommodation at distance, and dis-
tance and near tests for binocularity. Except for
color vision, tests were performed without glasses
or other refractive lenses for those whonormally
wore them,

In addition, each child was given an eye ex-
amination by the survey staff pediatrician. This
included a careful inspection of the eyes for evi-
dence of styes, conjunctivitis, blepharitis, nys-
tagmus, and piosis as well ¢s tests to detect the
presence and type of strabismus,

This report is limited to the tests of monocu-
lar and binocular central visual acuity at distance
and near. As indicated, all tests were done with-
out correction,

The Testing Instruments

The need for consistent upiformity in testing
in addition to space and tiine limitations were de-
termining factors in the selection ofa commercial
instrument, the Master Ortho-rater, for thetest-
ing of visual acuity of children who could read
letters. Since no target was available for testing
the near vision of children who could not read
and since difficulties were encountered during the
pretest in using the distance Landolt ring slide

in the enclosed instrument, special charts ad-
ministered separately from the instrumentat both
distance and near were developed for use with
illiterates to be tested in the survey.

Shown in figure 1, the Master Ortho-rater
device consists of a viewing box and two illumi-
nated slide holders with two sets of test slides
mounted inside the metal case. Slides usedtoir..
distance vision are mounted on an illuminated
drum located at the right side of the instrument;
those used to test near vision, on an illuminated
drum at the left, A spring switchholds each drum
accurately at each possible position, Only the
slide infocus is illuminated, Without changing the
position of the head of the examinee, the viewing
box is tipped up to a set position for distance
viewing and down slightly into a set position for
near, The irstrument is also adjustable for dif-
ferences in eye height (above the chinrest). Dis-
tance targets or slides are viewed at a distance
of 26 feet simulated optically by means of convex
lenses; near targets, at 13 inches.

This instrument permits rapid testing under
controlled conditions of lighting and target dis-
tance from the examinee. The effective illumina-
tion on the target and the contrast between target
letters and background were maintained within
optimum limits for such tests,5

Selected targets developed by Dr. Louise
Sloan of the Wilmer Eye Institute at Johns Hopkins
University for the Armed Forces® were used in
the Master Ortho-rater during the survey. These
targets on the slides in the instrument consisted
of lines of optotypes which were letters appro-
priately graded in size from one line to the next
and arranged in decreasing size from the top to
the bottom of the slide to test at 12 leveis from
ones corresponding to 20/12 to 20/400 (Snellen
notation), Theselevels consisted of the equivalents
of 20/12,20/15,20/17,20/20,20/25,20/30,20/40,
20/50, 20/70, 20/100, 20/200, and 20/400 at dis-
tance with the 12 corresponding equivalents at
near. The 10 unserifed lettersused were of nearly
equal legibility and were arranged in random
order—differing for each line, each eye, and for
distance and near, As previouslydescribed, these
letters met the recommendations of the Committee
on Optics and Visual Physiology of the American
Medical Association,’»8 The letters followed the
Snellen principle with their height as well as

8
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. Figure |, The vision testing.

their width being five times the width of the lines
in the letters, The targets consisted of 10 letters
per line arranged in groups of 5 each for testing
from 20/12 to 20/200 and 3 letters at 20/400
(and their equivalents at near), as shown in ap-
pendix II,

The comparability betweenthese letter slides
and correspondingly sized slides of Landoltrings
used in the Master Ortho-rater has been investi-
gated,®

For testing nonreaders at distance, a special
wall chart was developed for use inthe survey, The
target followed Landolt ring dimensions with ap-
propriate sized optotypes, which were rings, and
random symbol arrangement in five-symbol
blocks from the corresponding Armed Forces
plate, Contrast between background and symbols
met the same specifications used in the letter
targets. The chart was larminated with nonglare

IToxt Provided by ERI

Table A, Proportion of children tested
on Landolt ring charts, by age: Health
Examination Survey, 1963-65

Age Total || Boys | Girls
Percent

Total, 6-11 years- | 18,9 19,7 | 18,0
6 years=~ce-ccecane= 75,9 78,9 | 72,6
7 yearse==cescmcacen 27.6 1] 29.7 ] 25.3
8 years~veeeccacann= 7.3 6.9 7.7
9 years=-cemmcocana= 2,9 3.0 2,7
10 years----vec-ceoc= 1.9 1,2 2,6
11 years====w~-e=a~=- 1,1 1,1 1,1

plastic, Test symbols arranged five toalinewere
graded in size from one line to the next for test-
ing at a distance of 10 feet from the child at
levels of 10/5.35, 10/7.15, 10/8.95, 10/10.7,
10/12.5, 10/14.3, 10/19.65,10/25,10/35.7, 10/50,
and 10/100—corresponding approximately todis-
tance levels of 20/10.7,20/14.3,20/17.9,20/21.4,
20/25, 20/28.6, 20/39.3, 20/50, 20/71.4, 20/100,
and 20/200.

The near chart for use at 14 inches for chil-
dren who could not read letters was similarly
adapted from one developed at the Wilmer Eye
Clinic of Johns Hopkins University. The five-
symbol lines on this chart were graded in size
from one line to the next for testing at levels of
14/14, 14/17.5, 14/21,14/28 14/35,14/42,14/56,
14/70, 14/87.5, 14/112, and 14/140,

In all, 81 percent of the children were tested
on letter targets and 19 percent on Landolt ring
charts or cards. The proportion tested with Lan-
dolt rings ranged from 76 percent among those 6
years of age to 1 percent for the 1ll-year-cld
group as shown in table A,

With compietely comparable size optotypes,
Sloan et al.9 have found 2 correlation of 0.90 at
distance between letter targets of the typzusedin
this survey and comparable Landolt ring slides,
both used in the Master Ortho-rater, They further
indicate that since this correlation is of approxi-
mately the same magnitude as that vi:ained be-
tween test and retest scores onthe sametarget,10
the two forms of acuity test may be considered
essentially equivalent,

9 ;



It will be noted that the optotype sizes, for
either symbol or letter, differ slightly for 7 of the
11 levels existing on both distance targets—they
are identical at 20/200, 20/100, 20/50, and 20/25.
Somewhat closer agreement was available on the
near tests where 7 of thelevels wereof identical
size—the levels equivalent to 20/200, 20/100,
20/50, 20/40, 20/30, 20/25, and 2G/20,

When the distributions are combined as they
are in tables 1-4 for distance, this will mean that
the proportions may possibly be slightly higher
than they would be if the targets had been com-
pletely comparable at 20/70, 20/20,and 20/17 and
slightly lewer a: 20/40, 20/30, 20/15, and 20/12.

.Testing Méthods

The testing order of right eye, left eye, and
binocular vision was maintained throughout the
cycle. However, the sequence of near anddistance
tests was alternated for successive examinees,
Testing order was randomized in this fashion
to minimize any consistent bias for either test
series due to fatigue, practice, or learning the
target letters. Every effort was used to secure a
. maximum level of participation on the part of
the child so that the measurements would be as
accurate as possible, During the color test, which
preceded the tests for visual acuity, it was pos-
sible to determine without embarrassing the child
by asking whether or not he could read letters,
For those who could not read, visual acuity was
tested on the Landolt ring charts as previously
indicated, For the very slow reader, it was also
sometimes necessary to switch to the Landolt
ring charts to lessen the impact of fatique and
loss of interest on the child's performance, since
with these chartsthe examiner had greater control
over the reading pace,

For children who could read well enough to
take the regular examination, the following test
procedure was used, Each child was asked to
read the line corresponding to an acuity level of
20/30 (or the equivalent at near). If the child
was unable to do this withnom~.iethan the allow-
able number of errorsto 'pass,' he was presented
the line corresponding to an acuity comparable to
20/50. If the child again failed, he was started at
the 20/400 line, The child read the lines of pro-

gressively smaller letters until he failed or com-
pleted the test.

In testing nonreaders and slow readers on
the Landolt ring chartor card, the examiner began
at the line with the largest rings (20/200 at dis-
tance or the equivalent at near). The child was
asked to point in the direction of the '"bite" in
the ring. The examiner continued this procedure
for thefirst ring on each line until one was missed.
At that point the examiner went back to the pre-
vious line and asked the child to read (point in
the direction of the ''bite") each symbol on the
entire line, The same was done for the line or
lines above and below it, to be sure the correct
acuity level was determined, '

~To "pass' or to be able to read at a partic-
ular level, no errors were allowed if the line
contained three letters, one in lines of five sym-
bols, and three in lines of 10 letters. The visual
acuity level or "score" for an examinee was that
which corresponded to the smallest letters or
symbols that the child was able to read with no
more than the allowable number oferrors,

Quality Control

Vision tests were administered by the survey
staff examining dentist because that member of
the survey team had the time available for them.
The effect of this was to have these tests done
by a professional person who, once thenecessary
special training had been given, was highly adept
at administering the tests, Each of the five dentists
employed during the cycle was given training and
practice in vision testing techniques to insurethe
consistency of test results, Further practice was
obtained during the "'dry runs' preceding the start
of the regular examinations at each of the 40 areas
in which the mobile Health Examination Centers
were located.

A small-scale special study was conducted at
District of Columbia Village, a home for dependent
children, prior to the start of the cycle to deter-
mine the level of agreement between two of the
examiners in the testing of children. A high level
of agreement was found with more than three-
fourths o the test results being identical or dif-
fering by no more than one acuity level.

10
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Midwav during the cycle, at the Chicago lo-
cation, replicate examinations were given to 95 of
the 284 children examined there. The firsttest
was given !y a different examiner than the second.
Here a very high level of agreement was found on
retest with nearly 9C ‘ercent of thetests differing
by no more than on~ acuity level, ’

Test results appeared to remain consistent
for the various examiners throughout the cycle,
The proportion of children rated as having normal
or better vision showed essentially no differences
which might be attributable to the testers when
the age and sex differences among €xaminees at
the various locations were removed,

Testing equipment and illumination were
checked pciiodically throughout the cycle to be
sure they were in good working order and met the
required standards,

FINDINGS

Binocular Distance Acvity

Nearly three-fourths (74.8 percent), or 19.5
million, of the children 6-11 years of age in the
noninstitutional population of the United States
have at least 'normal" or better than "normal"
binocular vision at distance without correction,
as estimated from Health Examination Survey
findings in 1963-65. Nearly half are able to read
at levels of 20/17 through 20/12 or better and
about 85 percenttest at least 20/25 or better (table
1 and fig, 2).

The median unaided binocular acuity was at
the 20/17.4 level, Hence, half of the children had
better than "normal" vision since they were able
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Figure 2. Percent of children, 6-|ly years, reaching specified acuity levels for binocular and monocular
distance vision,
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Figure 3. Percent of children, 6-11 years, reaching
levels of 20/20 or better for binocular and monocu-
lar distance acuity, by age.

to read, at 20 feet, letters of a size that persons
with what is generally considered to be "normal"
vision could be expectedtoreadat 17,4 feet, nearly
3 feet closer to the target.

About 9 percent have moderately defective
binocular vision, reading at best no further than
the 20/30, 20/40, or 20/50 levels, while an ad-
ditional 6 percent would test at the 20/70 level or
less. Roughly 4 percent (3.6 percent) have acuity
no better than 20/100 while less than 1 percent
(0.8 percent) are unable to read at the 20/200
level without correction.

The proportion of children unable to read at
the 20/200 level is too small to give a reliable
estimate for this segment of the population. Yet
it can be said with a fair degree of certainty that
the actual proportion of children probably does
not exceed 1 percent, This group will include the
legally blind, as vwell as those whose vision could
be corrected to normal or near normal with
lenses, However, neither the testing nor the ex-
amination procedures in thiscyclewere sufficient
to provide the basis for making more precise
estimates of the prevalence of blindness since
they did net include assessment of the limitation
of visual fields or the degree of correctibility
of visual acuity,

No consistent pattern by age was found
among those with at least normal vision, 20/20 or
better fig. 3 and table 1). The proportions were
the lowest among the youngest—6 and7 year olds—
and the oldest age groups. It ranged from 72

percent for the 7-/ear age group to 78 for the 9
year olds, However, the proportion with nearly
normal or better vision (20/25 or better) showed
a slight, consistent, downward trend with age,
which was more pronounced among the older
children, the proportions ranging from 88 percent
at 6 years vo 80 percent at 11 years,

At the lower end of the a-uity scale a con~
sistent increase in defective vision with age was
found (fig, 4). For those testing no better than
20/70, the proportion ranged from 1 percent at 6
years to nearly 12 percent at 11 years of age.
Or if the more seriously defective acuities are
considered, the proportion ranges from less than
1 percent at age 6 to nearly 8 percent at 11 years
at 20/100 or less and from less than 1 percent to
nearly 6 percent at 20/200 or less,

Boys were found to have better binocular
visual acuity at distance than girls. About 77
percent of the boys tested at least at the 20/20
level compared with 72 percent for girls, The dif-
ference in the proportion reaching at least the
20/25 level—86 percent for boys for 84 percent
for girls—-was less, but still differed more than
would have been expected by chance in a sample
of the design and size of that used for the survey,
At the lower extremes of the acuity scale, the
proportion of boys was significantly less than
of girls (figs. 5 and 6; table 1).
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Figure 4. Percent of children, 6-11 years, testing
no better than 20/70 for bivocular and monocular
distance acuity, by age.
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Figure 5. Percent of children, 6-il years, with "normal" or better distance visual acuity {20/20 or better), by
. age and sex.

No really consistent trend by age was found
among boys or girls with at least nearly "normal"
(20/25 or better) or '"normal" (20/20 or better)
acuity, Among those with atleast "'normal" vision,
the proportion for boys increased from ages 7 to
9 years then dropped consistently from 9 through
11 years. Girls showed an increasetoage8 years

ERIC.

then a leveling offanddroponlyat 11 years (fig. 5).
At the lower end of the acuity scale a con-

sistent increase with age in the proportion with

unaided vision no better than 20/700r 20/100, was
found among girls, The trend with age also ex-
isted among boys except age 7 years (fig, 6).
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Figure 6. Percent of children, 6-11 years, with distance visual acuity of 20/70 or less, by age and sex.

Binocular Near Acuity

The distribution of "normal" or almost "nor-
mal" near binocular acuity ainong children of all
ages was found to be similar to that at distance.
Slightly less than three-fourths (72.6 percent)
tested at least 14/14 or better, while 89.2 per-
cent tested 14/17.5 or better (table 5 and fig, 7).
These proportions do not differ significantly from
those for similar levels at distance— 74,8 per-
cent reaching the 20/20 level or better and 85,2
percent, the 20/25 level or better.

" The proportion having moderately defective
vision was about the same for near as for dis-

tance vision—9 percent. These are the percent-.

ages testing 14/21 through 14/35 at near and the
similar levels of 20/30 through 20/50 at distance.

Relatively fewer children were found to have
more severely defective near thandistance vision,
with 2 percent testing no better than 14/49 at near
compared with 6 percent reading no better than
20/70 at distance.

By age there was a consistent increaseinthe
proportion testing at least 14/14 or better at
near from age 7 years on (fig. 8 and table 5), a
trend not found at the similar levels of 20/20 or
better for distance vision, At the 14/17.5 or
better levels, with a slight exception for the 7-
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vision,

year-~old group, the proportions at each age were
nearly all the same, with no slight, downward
trend as existed for the similar levels at distance.

At the poorer end of the acuity scale, 14/49 or
less, no trend by age was found—the proportions
ranged from 1.5 percent at 6 years to 3.5 at 11
(fig. 9). This is in sharpcontrasttothe consistent
increase of poorer distance acuity with age. From
age 9 years on, the proportion was significantly
lower than for the similar levels at distance—
20/70 or less (fig. 4).

Boys were found to have alightly better binoc-
ular near visual acuity than girls, as was also
found true for distance vision. The proportion of
boys with "normal" or better vision reaching
14/14 or higher levels was significantiy greater
for boys (75.3 percent) than girls (69.8 percent),
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Figure 9. Percent of children, 6-l1 years, testing

no better than I14/49 for binocular and monocular
near acuity, by age.

At the nearly "normal" 14/17.5 level or berter,
the differences were less, but still significant,
However, the proportions of boys and girls test-
ing at the poorer end of the acuity scale were
‘similar—2 percent. No consistent patternwith age
was found among boys or girls with better or
poorer- acuity (figs. 10 and 11).

Monocular Acuity

More than three-fifths (63 percent) of the
children, or an estimated 16.4 million, had atleast
normal distance acuity in their better eye. Roughly

80 percent tested near normal or better at dis-
tance (20/25 or better). About 8 percent had poor
acuities of 20/70 or less (table 2).

With age no really consistent trend in the
proportion of children with better acuities atdis-
tance is found although there was a marked in-
crease from 7 through 9 years in the proportion
of children with at least.normal distance acuity
in the better eye. At the other end of the acuity
scale, there is a steady increase with age in the
_proportion having poorer acuity (20/70 or less)—
the rates range from 2.3 per 100childrenat age 6

_to 13.7 at age 11 years (figs. 3 and 4),

At near, as for distance, 63 percent have at
least "normal'" acuity in the better eye (14/14 or
better) while a larger proportion thar for dis-
tance~—87.1 percent compared with 79.y—reach

Q
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at least almost 'mormal'’ vision at near (14/17.5
or better). The proportion with poor near acui-
ties—14/49 or less—is somewhat lower than for
distance vision, 2.9 percent compared with 7.6
percent testing no higher than 20/70 in the better
eye (tables 2 and 6).

By age the proportion testing 14/14 or higher
in the better eye increases from 7 years on, but
only from 7 through 9 years if those with near
"mormal'" vision are also included. No trend with
age for the proportion with poorer acuities is
evident,

Binocular acuity tends to exceed the better
monocular acuity which in turn generally exceeds
the acuity for either eye. At distance about 12
percent more children test at least 'normal'
with their binocular acuity than with their better
monocular acuity, while monocular acuity in either
eye runs about 10 percent below the percentage
for the better eye. If the near "normal" group is
included, the differences drop to 5 percent between
binocular and better monocular, and 6 percent
between better monocular and either eye. The
differences between these acuity measures is
negligible at the lower end of the acuity range
(tables 1-4).

At near the proportion testing at least ''nor-
mal" is about 10 percent higher for binocular
than for better monocular, which in turn is 10
percent above that for either eye. If the nearly
"normal" group is also included, the difference
in proportion reaching these levels is negligible
between binocular and better monocular and drops
to 6 percent between better monocular and that
for either eye. Differenceshere are alsonegligible
at the lower er. of the acuity scale (tables 5-8).

The proportion reaching better and poorer
acuity levels tends to be similar for the right
and left eye (tables 3, 4, 7, and 8).

Agreement Between Acuity Measures

At both distance and near, a high order of
agreement was found between the binocular and
better monocular acuity scores of children (table
B). The correlation of the scores at both distance
and near was +0.94. The extent of agreement for
iwys and girls was similar. Over 75 percent

16
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Table B, Correlation between various
measures of visual acuity used in this
study, by sex: Health Examination Sur-
vey, 1963-65

Acuity measures Total || Boys | Girls
Correlation
coefficients

Rizht and left eye:
Distance-==ecca-a +0.78 | +0,77| +0,80
Near---=cecccaa- - |-+0,57 || +0.54] +0,59
Binocular and '
better monocular:
Distance--=--==== +0,94 || +0.94| 40,93
Ne&r ---------- f" +0.94 i0095 +0.90
Distance and near:

Binocular=~ee=-~~- +0,57 || +0.57| 40,57

Better eye-~--=-=|-+0,55| +0.,54| 40,53

Right eye-=~-«~-~== +0,.59 || +0.58| +0,60

Left eye --------- "'Oo 64 "'Oo 68 +0.60

showed no difference in acuity level between better
monocular and binocular vision,

The level of agreement between right and left
eye acuities was also high, but of a markedly
lower order of magnitude than that for binocular
and better monocular vision. Better agreement
was found at distance (+0.78) than at near (+0.57),
No sex difference was found in this measure either.

Comparison of distance and near vision for
the various measures of acuity shows a somewhat
similar level of agreement for all four, ranging
from' +0.55 for better monocular acuity to +0,64
for the left eye. These levels are substantially
lower than those for the right or left eye at dis-
tance but not near,

Acvity as Measured by Two Methods

In the foregoing sections of this report it
has been assumedthatthe test results onthe letter
targets and the Landolt rings are roughly com-
parable for the levels discussed,

However, a further inspection of the distri-
butions for better and poorer acuities obtained

by both methods, as shown in tables C and 9-12,
seems warranted,

It should be kept in mind that the optotypes
at the level equivalent to 20/21.4 are slightly

"larger than those at 20/20 for a set distance

but offsetting this is the fact that only one error
was allowed on lines of five symbols compared
with three errors allowed for passing lines of
10 letters. At the other levels th;2 optotype sizes
are equivalent on the corresponding targets.
Relatively more children were found to have
at least normal acuity at distance on ti.c Landolt
rings (20/21.4) than on the aprroximately cor-
responding letter targets (20/20) at 6, 7, 8, and
10 years of age while the reverse was found at 11

.years, At near, children throughout the agerange

did better on the Landolt rings. The reasons for
these differences are not readily apparent, To
some extent they may reflect differences in the
children tested or the differences in testing tech-
nique in addition to the lack of complete com-
parability in the targets, Only at 6 years and to
a slight extent at 7 years will these differences
affect the overall distributions of acuities.

COMPARISON WITH OTHER STUDIES

Strictly comparable findings for visual acuity
among children are not readily available from
published reports, Eowever, two large-scale stud-
ies among selected groups dogive the proportion
of children in this age range who have ''normal”
or better vision.

Slataper!land Weymouth!? reported on the
visual acuity of patients in Houston, Texas,
based on refractive examinations which included
more than 1,700 among children 6-11 yearsof age.
Morgan et all®gave the results of vision tests
based on project-o-chart letters among some
400 children 7-11 years, from two of the public
schools of Toronto, Canada, The latter group found
a high correlation between tests and the project-
o-chart letters and the Snellen letters (+0.96).
Comparison of the findings from these three
studies are shown in table D,
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Table C.

Proportion of children examined and found to have better and pocrer acuities
as determined by Landolt ring and letter test,

by age: Health Examination Survey,

1963-65
Level All ages, 6 7 8 9 - 10 11
6-11 years || years | years | years | years | years | years
Percent

Testing 20/20 or better on:
Letter targets---------==c=-- 74.8 67.7] 70.6 .31 78.0| 77.71 73.2
Landolt rings==-----==c~w-c=- 74.8 74,1 73.9) 82.6| 79.7| 83.6| 60.5

Testing 20/70 or poorer on:
Letter targetsS-----=-ceec-c-- 6.9 2.2 4.6 4.6 5.7 9.2 1l1l.4
Landolt rings---------c~-a-m- 1.4 1.2 1.8 0.0 2,2 0.0} 11.8

Testing 14/14 or better om:
Letter targets~-weo-me=ccmacan 69.1 42,5 51.0] 66.6] 73.9| -77.9| 78.8
Landolt rings---~--=-cccc=-am 86.5 8.3| 85.6| 87.2| 92.7| 93.3| 85.8

Testing 14/49 or poorer on:
Letter targetS----~=-=-~c-wo- 2.6 3.0 2.7 2,7 1.9 2,2 3.5
Landolt rings------c-==ccceu= 1.3 1.0 1.9 2.4 0.0 0.0 6.5

Proportion examined with: }

_ Letter targetS~---====-~ae--- 8l.1 24,1 72.4 92,7} -97.1( 98.1| 98.9
Landolt rings----c=-eccam-am- 18. 75.9| 27.6 7.3 2,9 1.9 1.1
Table D, Proportion of children reaching It micht be expected that the findings of

visual acuity levels of 20/20 or better

from selected studies, by age

Private | School
United patients | children
Age States, | in in
1963-651 | Houston, | Toronto,
Texas Canada,
19502 19523
Percentage
6 years--- 51 4 -
7 years--- 46 52 72
8 years=--- 51 56 &4
9 years--- 58 31 83
10 years--- 58 69 80
11 years--- 56 75 28

Istudy by the HES.
2Study by Slataper.!!
3Study by Morgan et al,l3

19

Morgan et al.13 if their methods were similar,
would be more nearly comparable to the present
findings than those of Slataper. However, the data
would not suggest this. Sufficient information is
not available to determine whether these sub-
stantiai differences result from the disparities
in testing methods, the characteristics of the
childron, or both.

On'y one available study investigated the re-
lationship of distance and near acuity measures
among children. Kephart14in his study of nearly
2,200 school children in grades three through
12 found a slightly, but not significantly, lower
order of agreement than was found in the present
study—+0,55 compared with +0.57. A greater dif-
ference might have been expected since he used
the checkerboard targets from the Ortho-rater
rather than those used in the present study.

13




SUMMARY

National estimates based on Health Examina-
tion Survey findings from a highly representative
sample of children 6-11 years of age in the non-
institutional population of the United States show
that:

1. Nearly three-fourths, or 19.5 million, of
these children have at least "'normal'' ot

" better than 'mormal" (20/20 or better)
binocular distance vision without correc-
tion. The proportion reaching similar
levels at near is only slightly less.

2. No consistent pattern of better visual
acuity at distance was found with age; at
near the proportion increased from 7
years on,

3. The proportion with defective binocular
distance vision is small, but shows a re-
markably consistent increase with age,
year by year, At age 6, less than 1 per-
cent tested no better than 20/100, while
by age 11, the percentage had increased
to nearly 8. This pattern prevails for
beth boys and girls and is seen at the
various poorer acuity levels--no better
than 20/70, 20/100, or 20/200, A similar
trend with age is not found for poorer
near vision.

20

Boys were found to have slightly but sig-
nificantly better binocular visual acuity
at both distance and near thangirls,

Relatively more children were found to
have poorer acuity at distance thannear—
nearly 6 percent did not read above the
20/70 level at distance compared with 2
percent reachingjust to the similar level
at near,

Binocular vision tended to exceed better
monocular vision at both distance and
near. Slightly more than 60 percent had
"normal" or better monocular visioncom-
pared with about three-fourths for bin-
ocular acuity.

. The acuity in either eye tends in general

to be similar but somewhat less good than
that for the better eye. The proportion
testing at least normal is about 10 per-
cent below t - for better monocular
vision,

Closer agreement was found between bi-
nocular and better monocular acuity than
between the acuities for the two eyes. The
degree of association between distance
and near acuity was found to be highly
significant but of a lower order than for
the other measures at distance only,
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Table 1. Percentage of children, 6

ol

corrected binocular d

ears, reaching or reaching and exceediny specified acuity levels for un-
stance acuity, by sex and age: United States 1963-65

Acuity level

Sex and age 20/12 Less
or 20/15 | 20/17 [ 20/20 | 20/25 | 20/30 | 20/40 | 20/50 |20/70 | 20/100 | 20/200 | than
better 20/200
Both sexes Percentage
All ages, 6~11'years- 2,7} 19.6| 26,0 | 26.5]| 10.4 3.7 3.8 1.4 2.3 1.1 1.7 0.8
6 years--seeecavecccacaaa 3.1 19.6 | 21.8| 28.2| 15.2 4.7 5.1 0.9 0.9 0.2 0.2 0.1
7 yearge==s==eceuccccaaaa- 1.7 11.9| 23.2| 34.8| 15.0 4.1 4.2 1.3 2,3 0.4 0.9 0.2
8 yearse-«-=--- “meemcaaaa 1.5| 15.3| 26.7| 32.4| 10.6 4.4 3.3 1.6 1.5 0.8 1.1 0.8
1.9 21.1{ 31.8| 23.3 8.4 3.2 3.6 1.0 1.8 1.2 1.9 0.7
3.3 24.7| 27.8| 22 0 6.6 2.2 2.9 1.5 3.5 1.9 2.8 0.8
4.6 25.5| 24,8 18.2 6.4 3.3 3.7 2.0 3.7 2.2 3.6 2.0
Boys
All ages, 6-11 years- 3.6 21,9 26.0| 25.5 9.5 3.2 3.7 1.4 2.0 1.0 1.6 0.6
6 years--we-~-ccccmoccnoao 2.6 23.6( 23.4! 28.6| 11.4 3.8 4.3 0.5 1.1 0.4 - 0.3
7 yearg==--=-cccccaa= === 2.5 12.6( 24,5} 31.9| 14.9 4.5 3.6 1.3 2.4 0.6 1.1 0.1
8 years-=e-cccmccccacaaa- 2.31 18.4) 25.,3| 30.5( 10.3 3.8 4.2 2.1 1.1 0.3 1.4 0.3
8 years--~<wccmsucmmcnnnna 2.51 23.5( 31.5] 24.0 6.9 2.5 3.1 1.0 1.7 1.2 1.5 1.6
10 years~e--ceecccccccaaa 5.3 27.7| 26.9| 20.1 6.7 1.7 2.9 1.6 2,7 1.6 2.2 0.6
11 years-we=-cceccacca- w—-- 6.9 26.1| 24,3} 17.4 6.4 2.8 3.7 1.9 3.3 1.9 3.6 1.7
Girls
All ages, 6-11 years- 1.6 17,2 26.0{ 27.6 | 11.5 4.2 4.0 1.4 2.5 1.3 1.8 0.9
6 years--~----- Nemmmeeea- 3.5 15.4| 20.,2) 27.8| 19.2 5.6 5.9 1.4 0.7 - 0.3 -
7 yearse------- “meemmeeaa 0.9 11,2 21.8 | 37.7 | 15.1 3.8 4.8 1.3 2.2 0.2 0.7 0.3
8 years-------- memmmmeeee 0.7} 12.2| 28.1| 34.2 | 10.9 4.9 2.4 1.1 2.0 1.5 0.7 1.3
9 years-------- cmemmecm—- 1.3] 18.6) 32.1| 22.4| 10.0 4,1 4.0 1.1 2.0 1.2 2.4 0.8
10 yearsewe-ece- mcmcceaas 1.3| 21.5]| 28.8| 23.8 6.6 2.7 2.9 1.3 4.3 2.3 3.4 1.1
11 years==----- CEEEEELE P 2.2| 24,81 25,31 19.1 6.5 3.8 3.7 2,2 4.2 2.5 3.5 2,2
Both sexes Cumulative percentage.
All ages, 6-11 years- 2,7] 22,3 48.3) 74.8] 85.2 ] 88.9 | 92.7| 94.1 | 96.4 97.5 99.2 | 100.0
6 years=----ccccceca- w——- 3.1 22,7 44,5 72,7 87.9] 92.6 | 97.7 | 98.6 | 99.5 99.7 99.9 | 160.0
7 years=----ce-m=ccua- w-—- 1.7( 13.6 36.8| 71.6 1 86.6{ 90.7 ( 94.9( 96.2 | 98.5 98.9 99.8 | 190.0
8 years=--~-ccccccccaaa-o- 1.5] 16.8| 43,5 75.9 | 86.5] 90.9| 94.2 | 95.8| 97.3 98.1 99.2 | 100.0
9 years-r=-==-=acc--= CEET 1.9 23,0 54.8| 78.1| 86.5| 89.8 | 93.4} 94.4 | 96.2 97.4 99,3 1100.0
10 years=e---c-ccceccnaa- 3.3 28.0f 55.8| 77.8 | B4.4 | 86.6 ( 89.5{ 91.0 | 94.5 96.4 99,2 | 100.0
11 years----=-=cce=-- w——- 4.6 30.1} 54,9 73.1| 79.5| 82.8| 86.5| 88.5| 92.2 94.4 98.0 | 100.0
Boys
All ages, 6-11 years- 3.6| 25.5] 51.5| 77.0| 86.5| 89.7 | 93.4| 94.8} 3.8 97.8 99.4 | 100.0
6 arg--c----- Semeem——a- 2,61 26.2) 49.6 | 78.2| 89.6 | 93.4| 97.7| 98.2 | 99.3 99,7 99,7 | 100.0
7 years=-e---wececcmceaax 2.5{ 15.1{ 39.6 | 71.5{ -86.4 | 90.9 | 94.5| 95.8 | 98.2 98.8 99,91 100.0 -
8 years-~=----- CEEELEEEET 2,3| 20.7| 46.0( 76.5] 86.8| 90.6 ; 94.8 | 96.9 | 98.0 98.3 99.7 | 100.0
9 yearg-«e=-=---= REEEE] ——- 2,5 26.0| 57.5| 8L.5| 88.4 | 90.9| 94.0 95.0} 96.7 97.9 99.4 | 100.0
10 years----c-=ccoaa- w—-- 5.3( 33.0( 59.9| 80.0 | 86.7( 88.4( 91.3( 92,9 95.6 97.2 9.4 1 100.0
11 yearg-e--====cc-u-= w—-- 6.9 33.0( 57.3| 74.7 | 8L.1°| 83.9 | 87.6 | 89.5| 92.8 94,7 98.3 | 100.0
girls
All ages,\6~11.years- 1.6| 18.8) 44.8 | 72.4| 83.9 | 88.1| 92.1( 93.5| 96.0 97.3 99.1 | 100.0
6 yearg--w--cemceaaa- -——- 3.5] 18.9| 39,1 66.9 1 86.1| 91.7 | 97.6 | 99.0 | 99.7 99.7| 100.0]| 100.0
7 yearg=------- CEEELEEY T 0.9) 12.1] 33.9| 71.6 | 86.7| 90.5- 95.3 | 96.6{ 98.8 99.0 99.7 | 100.0
8 yearg--w--cemcccccccnn~ 0.7| 12.9| 41,0f 77 " | 86.1 91.0 | 93.4 [ 94.5( 96.5 98.0( 98.71( 100.0
9 yaarg=-e--=-=-ec--- - 1.31 19.9| 52,01 74.4 | 84.4 | 88.,5] 92.5| 93.6 | 95.6 |- 96.8 99,21 100.0
10" yearg=e-=--=- e ——- 1.3] 22.8§ 51.6 | 75.4 | 82.0| 84.7 | 87.6 | 88.9| 93.2 95.5 98.9 | 100.0
11 years=---==e=a-ce= ~--- 2.2| 27.0| 52,3 | 71.4| 77.9| 81.7| 85.4{ 87.6 | 91.8 94,3 97.8 | 100.0
17.
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levels for un-

ted States, 1363-65

ecified acuit

:Cunk

11 years, reaching or réaching and exceeding

distance acuity in the better eye, by sex and age

Percencage of children, 6
corrected monocular

Table 2.

Acuity level

Less
than
20/200

20/15.} 20/17 | 20/20 { 20/25 | 20/30 | 20/40 | 20/50 | 20/70 | 20/100 | 20/200

20/12
or
better

Percentage

6.3

1.0

0.8

1.2

100.0

100.0

100.0

2.3

2.2

2.3

99.0

99.2

98.8

1.3

1.3

1.4

9.7

97.¢

96.5

3.0

2.8

3.2

95.4

95.7

95.1

1.8

1.7

1.9

92.4

92.9

91.9

4.4

4.0

4.9

90.6

91.2

90.0

6.0

6.6

86.2

87.2

85.1

17.9

16.7

19.2

Camulative percentage

7.9

81.2

78.5

32.3

31.8

32.9

62.0

64.5

59.3

18.9

20.3

17.3

29.7

30.7

26.4

10.3

11.7

8.9

10.8

12.4

9.1

0.5

0.7

0.2

0.5

0.7

0.2

Sex and age

Both sexes

All ages, 6-11 years~-

Boys

year§=meeecmmaacnnceeax
year§-m=--emmecacceaaa=
10 yearg-=-=--ceccccaao—a
yearg==--mm-aec-cae--a

7 year§=--=c--cemcecaaea-

6 year§--------cccaccaaan
8

9

All ages, 6~11 years-

years---

Years--==cmemvammmea———
years----=-=--
years----

11l yearg-==-w-==mes-cc-

7
10

8

6 years---=--ce-cec-ceaaaa
9

All ages, 6-11 years-

6 yearg---=--ecccemacaaac
7 yeargm-=-meccwecacaaaa=
yearg-me-m-cmacammaaaax
yeargeme-cmcacmammacaaa
10 yearg§====sme-e-ccccca=a
11 yearge=====eccccacaca=

8
9

Both sexes

All ages, 6-11 years-

yearg---—-—-cc-cceaceooo
yearg--ccccccccmmacoaan

6 yearg----=--====cac-a--
9 year

7
8

Boys

10 years-----=-cc--=ceeae
11 yearg----====mcceceae=

All ages, 6-11 years-

Girls
All ages, 6-11 years-

yearfe==scwcccmccnoaaa-n
yearg==s=e=-cececcacceaa
yearg--s==secccmcecea-
years=-==-==ccecaacan

7 yearg-=---eceecccmmncae

8

6 years---e--weceeecac=—-o
9

10
11

Q
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Less

than

0/200
1,6
1,3
1.9

2.7
2,8
2,6

1.8
1.6
2,0

3.4
2,9
4.0

3.1
2.9
3.3

5.9
5,3
6.4

A O T T

7.3
8,3

Acuity level
7.8

Percentage

VOO FT O
e ® o o s @

NSO N
—

20,8
20,2
21,5

32,1
32,2
32.0

14,9
16,0
13,7

7.0
4,2

20/15( 20/17 | 20/20 | 20/25| 20/30 | 20/40 { 20/50( 20/70( 20/100 { 20/200 2
5.6

Percentage of children, 6-11 years, reaching or reaching and exceeding specified acuity ievels for unm-

correctcd monocular distance acuity in the right eye, by sex and age: United States, 1963-65
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Percentage of children, 6-11 years, reaching or reaching and exceeding specified acui:.y levels for un-

corrected monocular distance acuity in the left eye, by sex and age: United States, 1963f65
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Table 5, Percentage of children, 6-11 years, reaching or reaching and exceeding specified acuity levels for un-
corrected binocular near acuity, by sex and age: United States, 1963-65

Acuity level
Sex and age 14/14 14/49 Less
: or | 14/17,5|14/21|14/28| 14/35| and |14/140| than
; better 14/70 14/140
|
! Both sexes ) Percentage
: All ages, 6-11 years 72,6 16,6 4.9 2,8] 0.8 1.6 0.5 0.2
' 6 years----- 75.9 v.2| 42| 3.4 o0.8] 1.2] -0.2 0.1
‘¢ 7 years - -| 60.8 25.3| 7.2| 3.2| 1.0f 1.7 0.6 0.2
H 8 years - 68,1 20,5 5.9 2,0 0.8 1,2 0.8 0.7
9 years=-- —— - 744 16,0 4.0 2,9 0.8 1.1 0.7 0.1
10 years--- - - 78.3 12,0 4.3 2,8 0.5 1,5 0.5 0.1
11 yearg-ssceccccemcmcanan 78,9 10,9 3,5 2,5 0.7 2,9 0.4 0.2
Boys
All ages, 6-11 yearse--=ssmcsccccccee- ———— - 75,3 14,5 5,1 2,1 0,7 1,6 0.5 0.2
6 years--- -~ —emennen———— 79.9 11,3 3.4 3.3 0.7 0.9 0.4 0.1
7 yearges-ceccmcmsmmcscmcccmcccenccconnnaa~ 63.6 22,8| 8.5 2,2 0.6 1,7 0.3 0.3
8 years-- ——— ——— 69,3 19.0 6.6 1,6 0.9 1,5 0.9 0.2
9 yearseseseceeun - eee ] 77,8 13,8 4,7 1.8 0.5 0.6 0,7 0.1
10 yearg~ressccnnan .- EECETP LR EL PR 81,3 10,9 -3.5 1.9 0.5 1.6 0.3 -
11 yearse=~sc-cecc—-- ————— - -- 80,7 8,9 3.5 1.9 0.9 3.4 0.4 0.3
Girls
All ages, 6-11 years —— 69,8 18,7 47 3,5 0.9( ‘1.6 0.6 0,2
6 years - - 71.9 17, 5.0 3.6 0.9 1.5 -
7 years- - 57.9 27.8| 5.9 4.3 1.5 1.6 0.8 0,
8 yearse-ee-ccmcccocne- 66,9 22,1 5.1 2,3 0,7 0.9 0.7 1,
9 years--~--- : ————— 71,0 18.3 3.3 4,1 1.1 1,6 0.6
10 years. L 75,2 13,1 5.1 3,7 0.5 1,3 0.9 0.
11 years - - mmmmmmm e 76.9 13,0 3.6 3,2 0.4 2,5 0.3 0,
4 Both sexes Cumulative percentage
1 All ages, 6-11 years- 72,6 89.2| 94.,1) 96.9| 97.7| 99.3 99,8 100.0
:
;
L 6 yearge-e-seeoe 75,9 90,1| 94,3| 97,7| 98,5| 99.7 99,9 | 100.0
; 7 years-- ———— ————— —— 60,8 86,11 93.3; 96,5 97,5 99.2 99,81 100,0
8 years=~ - 68,1 88,61 94.5| 96,5| 97,3 98.5 99,3 100,0
9 years - - 74,4 90,4 94,4| 97,3| 98,1 99,2 99,9 100,0
10 yearseeeeses - ———— 78.3 90,3] 94,61 97,4| 97,9 99,4 99,9 | 100,0
11 years--- - 78,9 89, 93,3 95.,8{ 96,5 99.4 99,8 | 100,0
Boys
All ages, 6-11 years- - - 75,3 89,8} 94.,9] 97.0f 97.7] 99.3 99,8| 100,0
6 yearses-s-cccemmccmccnccncan - - 79.9 91,2 94,6 97,9{ 98.,6| 99,5 99,91 100,0
7 years- 63,6 86,4 94,9| 97,1| 97,7 | 99.4 99,7 100.0
: 8 years - - : 69.3 88,31 94.9} 96,5, 97,4 98.9 99,81 100,0
3 ‘9 yeargee-—ecueue B 77.8 91,6| 96,3| 98,1| 98,6} 99,2 99,9| 100,0
: 10 years----- 81,3 92,2| 95,7| 97.6f 98,1 99,7 | 100,0| 100,0
1 11 yearge-=eco=s=ccoccccomcone Sesemmmeeae m————— e—e——— 80.7 89,6 93.1] 95,0] 95.,9] 99.3 99,7 100,0
Girls
All ages, 6-11 years-- 2 69,8 88.5| 93.2| 96,7| 97.6| 99.2 99,8 | 100,0
6 years - 71.9 89,0 94,0 97.6] 98,5{100,0 | 100.0| 100.,0
7 years - 57.9 85.7| 91.6] 95,9| 97,4 99.0 99,8| 100.0
8 years ——- 66,9 89,0 94.1| 96,4) 97,1 .0 98,71 100,
9 years=-«~ 71,0 89,37 92,61 96,7 97.8 99.4 .0 100,0
10 yearg--~ EE L L PR 75.2 88.3| 93.4| 97.1( 97.6) 98.9 99,8 | 100.0
11 years---- - 76.9 89,9 93,5| 96,7| 97,1| 99.6 99,9 | 100,0
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Table 6, Percentage of children, 6-11 years, reaching or reaching and exceeding specified acuity levels for un-

corrected monocular near acuity in the better eye, by sex and age: United States, 1963-65

Acuity level
Sex and age 14/14 14/49 Less
or 14/17.5| 14/21 | 14/28 | 14/35| and | 14/140 than
better 14/70 14/140
Both sexes Percentage
All ages, 6-11 years--ce-=smecomcooomamcoeooon 63.0 24,1 5.9 3.3 0,8 2,0 0.7 0.2
LR LT T S S 69,0 0f 6.2( 3,9 1.0 1.6 0,2 0.1
7 yearse=-c-cemmmmmsamemeccmceceemnooenn e e -— 50,1 34,0 7.7 4,2 1,1 2,1 0.6 0,2
B B 55,1 30,1f 7.9| 3.2| 0.6| 1.7 0.8 0.6
9 years--------n- — N -] 64.3 25.0] 4.7 2,70 0.8| 1.7 0.7 0,1
10 years~=emcemeemcmcem e e emeecem e e 68,7 2044 4.5 3.3 0.4 1.8 0.9 -
11 yearSseemsmmmmmccmmmeeceem e e e e ——————— 1.4 16,9 4,2 2,6 0.9 2,9 0.8 0.3
Boys
All ages, 6-11 years-===-=ee=mc-cemccceseae==-- 65.3 22,8 5.6 2,9 0.7 1,8 0.7 0.2
6 yearSeeec-mceccmcmmmmemnencmceccen e e e — 72,4 15.7 5.5 3.6 0.7 1.6 0.4 0.1
7 years--=sem=mcemcmcmcoon 51,8 32.4 8,1 4,3 0.7 1.9 0.7 0.1
8 years--- 55.1 31.0 8,0 2,4 0.7 1.7 0.9 0.2
9 years--- 66,6 2444 5.0 1.9 0.5 0.6 0.8 0,2
10 years=~- 73.4 18,1 3,2 2,6 0.4 1.8 0.5 -
11 YearSemmmmmcmmcommmmm e m e 73.2 14.80 3.6f 2.4] 1.1} 3.3 1.2 0.4
Girls
All ages, 6-11 yearg-=e-smmccmmcmrccccnccneann 60,6 25,5 6,2 3.8 0.9 2,1 0.6 0.3
6 years----—=-=-c SR 65.5 20.5| 6.9| 4.,2| 1.3| 1.6 - -
7 yearS-----eecmmmcmcmmc et memeem e ———————— 48,1 35.4 7.4 4,2 1,6 2.4 0.6 0,3
8 yearS--ecmcememmmcaseceeasssecccmen e n e ——————— 55.2 29,2 7.9 3.9 0.4 1,6 0.7 1.1
9 years-esmeesmsmcccscmmcmmcsscsessesccccccnmenn—e - 61.9 25.6 4,4 3.6 1.0 2.8 0.7 -
10 yearsee=s====c-c--n B LT 63,8 22.8 5.8 4,0 0.5 1.8 1.3 -
11 yearsSe--c-e--e-ecmccmmcmmmemccceonaaan 69,7 19,0 4,8 2,7 0.7 2.5 0.5 0.1
Both sexes Cumulative percenﬁage
All ages, 6-11 years-----------socommoemnoooo- 63,0 87,1} 93,0| 96,3] 97.1| 99,1 99,8 | 100.0
6 years=e--=c=ceccmmmommmceomccmcncmcmmmmmee—aoeae 69,0 .0} 93,2} 97,1} 98,1] 99.7 99,91 100.0
7 JeArSwe-—mmcmmmmc e emm e mmeemm e 50,1 84.1| 91.8| 96,0 97.1]| 99,2 99,8 100.0
8 YeArS=smmmmmommmoc e oo en 55,1 85.2| 93,1 96.3| 96.9| 98.6| 99,4| 100,0
9 yearse=-ms=emcemmmmmmmccmocmmeemmsecesmeemmmeeeeeae 64, 89,3| 94,0 96,7 | 97.5| 99,2 99.9 | 100,0
10 years-=-=ssmcmccccmccnnmscncaaax Semeememesemme———— 68.7 89.,1) 93.6) 96,9} 97,3) 99,1 100,0) 100.0
11 years=e--===-cmmcmmccmmmmeman-a B 1.4 .3 92,5| 95,1 96.0| 98.9 99,7 | 100.0
Boys
All ages, 6-11 years—-----==--==---=-cm-cocea- 65,3 88,1| 93,7| 96,6| 97.3| 99.1 99,8 | 100.0
6 yearSe--smmmscmcomcmmcmcmmcemeeeerenceeeceenneee 72,4 88,1 93.,6| 97, 97,9 99.5 99,9 | 100.0
7 Years—--s--ceecmmmomememeeee- 51,8 84.2| 92,3! 96.6| 97.3| 99.2| 99,0 100.0
8 yearse--c-seemnccmemommmeemmememccccmmmeenea e © 55,1 8641 94,1 96,5 97.2] 98.9 99,8 { 100,0
9 years---e---e-cemmeean B e L EE L 66,6 91,0{ 96,0{ 97,9 9B.4} 99,0 99,8 | 100,0
10 years------ e eemmeeen e ———— ~———- 73.4 91,5{ 94.,7| 97.3| 97.7| 99,5{ 100.0( 100.0
11 years-re==-se-cmccocaecan B e e L L LTS o2 88,0 91.6( 94,0( 95.1( 98.4 99,6 [ 100.0
Girls
K11 ages, 6-11 yearg=----e--c-=-mmemmmmnn -----1 60.6| 86.1| 92.3| 96.1| 97.0| 99.1] 99,7 | 100.0
86.0| 92 97,1| 98,4 | 100,0| 100,0| 100,0
83,5 90,91 95,1| 96.7| 99,1 99, 100.0
84.41 92,31 96,21 96,61 98.2 98,9 | 100.0
'87,5| 91.9| 95.5{ 96.5| 99.3| 100,0( 100.0
86,6 92.4| 96.4| 96,9 98,7 100,0| 100.0
88,7| 93.5| 96,2| 96.9| 99.4 99,9 [ 100.0
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Table 7, Percentage of children, 6-11 years, reaching or reaching and exceeding specified acuity levels for un-
corrected monocular near acuity in the right eye, by sex and age: United States, 196!—65

Acuity level

§ Sex and age 14/14 14/49 Less
; or 14/17,5| 14/21 | 14/28 | 14/35 | and | 14/140 | than
L better 14/70 14/140
{
g Both sexes Perccntage
i
i All ages, 6-11 years=---=sss---smccmmccmemmmmee 54,4 26.1 8,9 4,8 1,5 2.7 1.0 0.6
i 6 YeArS=m—momm e e e 64,3 18,6 7.6 4,9 1,6 1.9 0.4 0,7
¢ 7 yearg==-- 43,1 33.8( 11,0 6,1 2,0 2,9 0.7 0.4
I 8 years-=- 45,7 31,5 12,1 4,6 1.4 2,6 1.0 1,1
9 yearg=--- 54,7 26,2 9,1 4,3 1.4 2,9 1,1 0.3
10 years--- 58,6 24,6 6.8 4,8 1,2 2,2 1,6 0.2
11 yearg8------====cw=== . 60,4 21.4 6.7 4,2 1.6 3,5 1,2 1.0
Boys
All ages, 6-1l1 yearS§----cc--cmmcmcmmccceccenee 56,3 25,0 8.6 4.4 1.4 2,7 0,9 0,7
6 YEATS-mmmcmmmmmmmm e e e m———————— 66,5 17,5 -7.0( 4.3 1,0 2.0 0.7 1.0
7 YEArS==mmmemm e e mmmmmm - 44,5 32,87 10.4 6,5 1.5 3.0 0,7 0,6
A 8 YeArS=--commeem o= mmmc oo mm—mccc—emmm e 45, 32,3| 12.7| 3.4} 1.5| 2.8 0.9 0,8
9 yearss--=e--somcccommccma. B 57.5 24,8 9,6 3.7 1,2 2,0 0,8 0.4
10 yearse-c-emeommememm e cirdcnmcnnenncen . - 61,9 22,7 5,8 4.4 1,5 2,5 1,2 -
. 11 Yearse---mmmmomemms e —————— 61.5 19.5( 5,9 3.9| 20| 4.1 1.2 1.5
Girls
52,4| 27.2| 9.,3| 5.3| 1.6| 2.6/ 11| 0.5
. 62,0 19,7 82| 550 23| 1.7] o0.2]| 0.
i 41,4 34,9 ( 11,7 5.7 2,4 2,8 0.8 0.3
" 45,7 30,7} 11,5 5,9 1.3 2,1 1,3 1,5
51,7 27.7 8,7 4,9 1,6 3.8 1.4 0,2
55,2 26,6 7.9 5.1 0.9 2,0 1,9 0,4
59.0 23,3 7.5 4,5 1,1 3.0 1,1 0.5
Both sexes Cumulative percentage
All ages, 6~11 yearSe==ss=smmcecmccocemcmsmesee Sheb 80.5| 89,4 94,2} 95,7 98.4 99,4 | 100,0
6 YEATS=—ommmmm oo mem e ecseeee—————————————— 64,3 82,9 90.5| 95.4 | 97.0{ 98,9| 99,3 | 100.0
7 YEATS=ommcmmm oo ——————————— 43,1 76,9 87.9) 94.0) 96,0 | 98.9] 99,6 | 100.0
8 YeATSemmommomoem e e e e 45,7 77,21 89,3| 93,9 95,3 97,9 98.9 | 100,0
t 9 YEArSe-m-comemc o e——emeeee—eee——————— 54,7 80,9 90.0| 94,3 | 95,7 98.,6| 99,7 | 100,0
10 yearg---scssmmecmsmcn e messesseme e me e eeme——— 58,6 83,2 | 90,0 94.8 | 96,0 | 98,2 99,8 | 100,0
11l yearse===sss-ccccmm e cennsesscscneeeeccen————— 60,4 81.8| 88,5 92. 94,3 | 97,8 99, 100.0
Boys
All ages, 6-1l years-s-e-em-iemmeecmecccemmen—- 56,3 81.3] 89.,9| 94,3) 95,7 | 98,4| 99,3 | 100,0
6 yearge==== 84,0 91,0 95.3| 96,3 | 98,3 99,0 | 100,0
7 years- 77.3( 87,7 94,2} 95,7 | 98.7 99,4 | 100.0
8 years- 77.9{ 90,6 94,0 95,5| 98.3 99,2 | 100.0
9 years- 82,31 91,9} 95.6) 96,8 | 98.8 99,6 | 100,0
10 years 84,6 | 90,4| 94,8 96,3 | 98,8 100,0 | 100,0
11 years 81.4( 87,3| 91,2{ 93,2 | 97.3 98,5 | 100.0
Girls
All ages, 6-11 yedarS§mess=memmemcccmmmccns—ene- 52,4 79,6 | 88,9 94,2 | 95,8 | 98,4 99,5 | 100,0
6 yearSees-c-eccecme-- e temeecemmeem e ——————— - €. 81,7 89,9| 95.4] 97.7| 99.4 6 | 100,0
7 YEATSeammmcccemmc oo e ———————— - | 41.4 76.3( 88.0| 93,7 96,1 | 98.9| 99,7 | 18G.0
8 yearses=smemmccmmmeen meme——- e ——— 45,7 76,4 | 87,9) 93,8 | 95,1 | 97,2 98,5 | 100.0
9 yearg--s=smucccmmmmcmcmemcessmcenese— e e m—ememem 51,7 79.4( 88,1 93,0 94,6 98.4 99,8 | 100,0
10  yeargemm=-msmmmmece- O A 55,2 8l.8| 89,7 94.8{ 95.7| 97.7| 99.6 | 100.0
11 Vearg---==~ - - ———— 59,0 82,3 89.8| 94.3| 95.4| 98.4| 99,5 { 100,0
Q
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Table 8, Percentage of childrer, 6-1l1 years, reaching or reaching and exceeding specified acuity %evela for un-

corrected monocular near acuity in the left eye, by sex and age: United States, 1963-

Acuity level

Sex and age 14/14 A 14/49 Less
or 14/17.5) 14/21 | 14/28| 14/35| and { 14/140) than
better . 14/70 14/140
Both sexes Percentage
All ages, 6-11 years: —e— 52.7 29,2 8.2 3.9 1,6 2,8 1.0 0.6
6 years 62,2 20.27 8,71 3.9 17| 2.8 0.4 0.1
7 years~ 41.0 37.2) 10.7 5.2 1,7 2,9 0.9 0.4
years 43,7 36.6 9.5 4,2 1.3 2.6 0.9 1.2
9 years 51.8 31.4 7.6 3.9 1.0 2,9 1.1 0.3
10 years 57.4 26,8 6.0 3.4 1.6 2.7 1.4 0.7
11 years -- 60.4 21.4 6.7] "4.2 1.5 3.5 1.2 1.1
Boys
All ages, 6~11 years 55.7 27.4 7.7 3.8 1.5 2.3 1.0 0.6
6 years : 65.9 18,91 7.3| 3.7 14| 2| o0u4] 0.3
7 years - 43.3 35.0( 10.2 5.6 2,1 2.6 0.9 0.3
8 years 45,2 35.6 9,3 3.4 1.7 2.8 0,9 1.1
years 54,3 29,5 8.7 3.6 1.0 1.7 0.9 0.3
10 years 61.7 26,1 4,5 3.0 1.0 2.1 0.9 0.7
11 years: 64.3 18.9 5.9 3.0 2.1 2.6 2,0 1,2
Girls
All ages, 6~11 years 49.7 31.1 8.6 4e1 1.6 3.3 1.1 0.5
6 years 58.5 21.5] 1id.1 4.0 2.1 3.5 0.3 -
7 years 38.6 39.4| 11.2 4,8 1.4 3.2 0.8 0.6
8 yearg----- 42,2 37.5 9.8 5.0 1.0 2.4 0.8 1.3
9 yeargr==----emmcccmmmc o mmm e e 49,3 33.3 6.5 4e1 1.1 4e1 1.4 0.2
10 years 53.0 274 7.6 3.9 2.1 3.3 1.9 0.8
11 years 56.8 27,2 6.4 2.5 2.2 3.3 1.2 0.4
Both sexes Cumulative percentage
All ages, 6-11 years 52,7 81.9| 90.1{ 94.0| 95.6| 98.4 99,4 | 100.0
6 years 62.2 82.4( 91.1} 95.01 96.7| 99.5 99,9 | 100.0
7 years --- 41.0 78,2 B88.9| 94.1| 95.8| 98.7 99,6 | 100.0
8 years 43,7 80.3| 89,8 94.0( 95.3| 97.9 98.8 [ 100.0
9 years 51.8 "3.,2] 90.8| 94.7| 95.7] 98.6 99,7 | 100.0
10 years 574 44,21 90,2 93.6{ 95.2; 97.9 99,3 ] 100.0
11 years 60.4 81.8} 88,5 92.7| 94.2| 97.7 98.9( 100.0
Boys
All ages, 6-11 years 55.7 83.1| 90.8] 94.6} 96.1| 98.4 99.4| 100.0
6 years==---cc---- 65.9 84,8 92,1 95.8| 97.2| 99.3 y9,7 1 100.0
7 years 43.3 78,3} 88,5| 94.,1| 96.2| 98.8 99, 100.0
8 years 45.2 80.8 | 90.1| 93.5]| 95.2] 98.0 98.9 | 100.0
9 years 54.3 83.8| 92.5| 96.1| 97.1| 98.8 99,7 | 100.0
10 years 61.7 87.8 | 92.3| 95.3| 96.31 98.4 99.31 100.0
11 years 64.3 83.2 | 89.1] 92.1| 94.2| 96.8 98.8 | 100.0
Girls
All ages, 6-11 years 49,7 80.8 | 89,4 | 93,5 95.1{ 98.4 99.5| 100.0
6 years 58,5 80.0 | 90.1 94, 96.2{ 99.7 | 100.0) 100.0
7 years n——- 38.6 78,01 89,2 | 94,0 95.4| 98.6 99, 100.0
8 years -—- 42,2 79.7 | 89.5| 94.5| 95.5| 97.9 98,7 | 100.0
9 years- —mmm——— - 49,3 82.5 | 89.1] 93.2) 94.3| 98.4 99,8 | 100.0
10 years 53.0 80.4 | 88,0 91.9( 94.0| 97.3 99,2 00.
11 years 56.8 84,0 | 90.4 ] 92, 95.1| 98.4 99,6 | 100.0
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Table 10, Percentsge of children, 6-11 years, reachin% or reaching and exceeding specified acuity levels for uncorrected bin-
ocular distance acuity on the Landolt rings chart, by sex and age: United States, 196365

Acuity level
Sex and age 20/10.7 Less
or 20/14.3| 20/17.9 | 20/21.4( 20/25] 20/28.6| 20/39.3| 20/50( 20/71.4| 20/100| 20/200| than
better 20/200
Both sexes Percentage
, All ages, 6-11 years- 4.5 24.5 23.3 22,5 13.9 4.3 4.4 1.1 0.8 0.3 0.3 0.1
6 yearge=e-=ceesvecamacad 4.0 23.5 22,9 23,7( 15,1 4,2 4.6 0.8 0.8 0.2 0.1 0.1
7 years-- - 6.1 24.7 24.9 18,41 13.3 5.1 3.5 2.2 1.0 0.2 0.6 -
8 years-- = 4.7 29.1 22.2 26.7 7.7 3.4 6.2 - - - - -
9 yearsg-- - 6.7 21.6 21.5 30.1 9.6 1.6 6.7 - - - 2.2 -
10" years- -4 - 45,4 34.0 4,2 8.0 5.4 3.0 - - - - -
11 yearge=e=-ccecccc=nea-d - 28.3 8.2 24,0 lb4.b 5.4 - 7.7 5.3 6.7 - -
Boys
All ages, 6-11 years~ 4.7 27.2 23.4 21,7 1l1l.8 4.1 4,2 1.0 1.1 0.5 0.2 0.1
6 yearge===--= —memas ——— 3.3 27.8 24,0 23,71 1L.5 3.1 4.4 0.4 1.2 0.4 - 0.2
7 years-- - 8.2 24,5 24,0 16,3 13.4 6.4 2.7 2.6 1.1 0.4 0.4 -
8 years-- - 6.8 32.2 13.7 24,71 8.5 4.8 9.3 - - - - -
9 years-- -- 6.5 29.3 17.7 19,9 12,3 3.3 6.5 - - - 4.5 -
10 years- -- - 28.4 42,2 13,7 15.7 - - - - - - -
11 yearswee===c=na= -—e—- - 17.2 17.2 13.8 - 11.2 -] 16.1 11.0 13.5 - -
Girls
All ages, 6-11 years- 4.3 21.6 23,3 23,4 16,3 4.6 4.6 1.2 0.4 - 0.3 -
4.8 18.8 21.6 23,7( 19.0 5.3 4.9 1.3 0.4 - 0.2 -
3.6 24.8 25.8 21,0 13.3 3.7 4.5 1.8 0.8 - 0.7 -
2.5 25.8 31.1 28,9 6.8 1.9 3.0 - - - - -
7.0 13.9 25.0 40.1 7.0 - 7.0 - - - - -
- 52.9 30.4 - 4,6 7.8 4.3 - - - - -
- 38.7 - 33.5] 27.8 - - - - - - -
Boti Sexes Cumulative percentage
All ages, 6-1il years- 4.5 29.0 52.3 74,8 88,7 93.0 97.4{ 98.5 99.3 99.6 99.9| 100.0
4.0 27.5 50. 74,1 89,2 93.4 98.0 | 98.8 99.6 99.8 99.9| 100.0
6.1 30.8 55.7 74.1| 87.4 92,5 96.0 ( 98.2 99,2 99,4 | 100.0( 100.0
4.7 33.8 56.0 82,71 90.4 93.8 100.0 | 100.0 100.0 | 100.0§ 100.0}f 100.0
6.7 28.3 49.8 79.9 | 89,5 91.1 97.8) 97.8 97.8 97.8 | 100.0| 100.0
0.0 45.4 79.4 83,6 91.6 97.0 100.0 | 100.0 100.0 | 100.0 . 100.0
0.0 28.3 36. 60.5| 74.9 80.3 80.3 | 88.0 93.3| 100.0; 100.0| 100.0
Bo¥3
All ages, 6-1l years- 4.7 31.9 55.3 77.0 | 88.8 92,9 97.1| 98.1 99.2 99.7 99.9 1 100.0
6 yearge--o'-eeecececcas 3.3 31.1 55.1 78.8 1 90.3 93.4 97.8 | 98.2 99.4 99.8 99.8 | 100.0
7 yearg=e=as=c-= - 8.2 32.7 56.7 "73.0 | B86.4 92.8 95.5 ] 98.1 99,2 99,6 ( 100.0 100.0
8 yearg-- 6.8 39.0 52.7 77.4 | 85.9 90.7 100.0 | 100.0 100,0 | 100.3 | 100.0 | 100.0
9 years-- 6.5 35.8 53.5 73,4 | 85,7 89.0 95.5| 95.5 95.5 95.5| 100.0| 100.0
0.0 28.4 70.6 84,3 {100,0 100.0 100.0 | 100.0 100.0 | 100.0 ( 100.0 | 100.0
0.0 17.2 34.4 48, 48,2 59.4 59.4) 75.5 86.5] 100. 100. 100.0
Girls
All ages, 6-11 years- 4.3 © 25.9 49,2 72,6 | 88,9 93.5 98.1] 99.3 99.7 99,7 | 100.0 | 100.0
6 years-- 4.8 23.6 45,2 68.9 | 87.9 93.2 98.1] 99.4 99.8 99.8 | 100.0 | 100.0
7 years 3.6 28.4 54.2 75.2 | 88.5 92,2 96.7 | 98.5 99.3 99,3 ( 100.” | 100.0
8 years 2.5 28.3 59.4 88.3 ] 95.1 97.0 100.0 { 100.0 100.0 ( 100.0 | 100.0 | 100.0
9 yearg-- - 7.0 20.9 45.9 86,0 | 93.0 93.0 100.0 | 100.0 100.0 ( 100.0 | 100.0 ( 100.0
10 years- —m——— 0.0 52.9 83.3 83,3 | 87.9 95,7 100.0 | 100.0 100.0 | 100.0 | 100.0 | 100.0
11 years---~===ccce=a= - - 38.7 38.7 72 100,0 100.0 100.0 | 200.0 100.0{ 100.0 | 100.0 | 100.0
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Table 11, Percentage of children, 6-11 years,

reaching specified acuity levels fcr uncorrected
binocular near acuity on the Master Ortho-rater letter slides,

by sex and age: United States,

1963-65
Acuity level
Sex and age 14/14 14/49 Less
or 14/17.5| 14/21| 14/28 | 14/35| and | 14/140 | than
better 14/70 14/140
Both sexes Percentage
All ages, 6-11 years---------= 69.1 19.4 5.3 2.9 0.7 1.7 0.6 0.3
6 year§--------cc-ocmmmomcmmeo 42.5 40.1 8.7 4.9 0.8 2.4 0.6 -
7 years-----=e--ccmcocccccmccocnacn- 51.1 33.3 8.0 4.0 0.9 1.7 0.7 0.3
8 years-=---=---mcommcmaomcnniaeoe 66.6 21.9 6.1 1.9 0.8 1.3 0.7 0.7
9 years=---ws---eceommmeecmeceeocene 73.9 16.5 4.1 2.9 0.7 1.1 0.7 0.1
10 years---=--m--eccccccmcmmmaao oo 77.9 12.2 4.4 2.8 0.5 1.5 0.6 0.1
11 years--==mmc-cccmmcccoccccccucann 78.8 10.9 3.5 2.6 0.7 2.9 0.4 0.2
Boys
All ages, 6-11 years-=-------- 72,2 16.9| 5.8 1.9 o.6| 1.8 n.6 0.2
6 yearse---m-mecccecec e 52.7 33.6| 8.9| 1.4 -1 21 1.3 -
7 years=-=--co-mecmccmmmnccceae e 33.1 30.5| 10.7 2.6 0.3 1.9 0.5 0.4
8 years--=-meccmcmccmccaccmcccncaena 67.9 20.0 7.1 1.5 1.0 1.6 0.7 0.2
9 years---=mc---cc-cmomcmammmcoacoon 77.4 4.2\ 4.9 1.9| 0.3 o0.5 0.7 0.1
10 years==-=---c=c-mecmccumccncccan~ 81.2 1.1 3.5 1.7 0.5 1.7 0.3 -
11 yearseee--~-eem-ceacecmamanmaa—en 80.9 8.8 3.5 1.9 0.9 3.3 0.4 0.3
Girls
All ages, 6-11 yearg----==--=- 65.9 21.8 4.8 4.0 0.9 1.7 0.6 0.3
6 years-=-----=e=-a--ceeaomceocenaoann 34.4 45.2 8.6 7.7 1.5 2.6 - -
7 years--=-eesuu-cecececuccnuannaoca- 48.9 36.1 5.4 5.4 1.6 1.5 0.9 0.2
8 yeargmme=csmece—ecmaccaceacaeccaann 65.2 23.6 5.2 2.3 0.6 1.0 0.7 1.4
9 yearsee-=~csccsccoccccancncencnnen 70.2 18.9 3.4 4,1 1.1 1.7 0.6 -
10 years-=-----esc-ceconcacnecccnanx 4.4 13.4 5.3 3.8 0.6 1.4 0.9 0.2
11 yearg=v=v-sacemmmeeuoacaocecacane 76.6 13.1| 3.6 3.3| 0.4} 2.5 0.3 0.2
:}:} 27
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Table 12, Percentage of children, 6-11 years, reaching specified acuity levels for uncorrected
binocular near acuity on the Landolt rings chart, by sex and age: United States 19€¢3-65

Acuity level

Sex and age 14/14 14/49 Less

or 14/17.5| 14/21{ 14/26 | 14/35| and | 14/140 | than

better 14/70 14/140

Both sexes Percentage

All ages, 6-11 years--=------- 86.5 5.6] 3.2] 2.5 0.9] 1.0 0.2 0.1

6 yearS--m=s----assemcccmmemmeceoo-- 86.3 6.1 2.8 3.0 0.8 0.8 0.1 0.1
7 years--=-sscc-smmcacmeucecmoemaean 85.6 4.9 5.1 1.3 1.2 1.6 0.3 -
8 years=--=me-scmm-mccccacnnnaecnoa- 87.2 5.5 2,4 2.5 - 0.9 1.5 -
9 yearsSe-=mswemseccncammmceecrneee - 92.7 - 2.6 2.5 2.2 - - -
10 years---w-wemuccmememcccnnomcnna= 93.3 2.7 - 4.0 - - - -
11 years---=-----m--cemaccucnuenna—= 85.8 7.7 - - - 6.5 - -

Boys

All ages, 6-11 years~-m---==== 86.9 5.5 2,2 3.1 1.0 0.9 0.3 0.1

6 yearsS==--s-memccmcccmmcmceneen.o—— 86.9 5.5 2.0 3.8 0.8 0.6 0.2 0.2
7 years-e----e-ccewaccomacmenomnnann 87.5 5.2 3.3 1.4 1.3 1.3 - -
8 yearS-«--=m-mm-ccmcceccecccaonaaao 85.6 7.2 1.4 2.9 - - 2.9 -
9 yearsS-=-==---cecemccmcecmcnoonaan" 90.4 - - - 5.1 4.5 - -
10 years--w~-===w-m-cccccmacmmano—a—- 87.1 - -1 12,9 - - - -
11 years=sm=--csm-suumecceccmmcsaena== 70.5 16.0 - - -| 13.5 - -

Girls

All ages, 6-11 years---------=- 85.9 5.8 4.3 1.8 0.8 1.2 0.2 -

6 years-sm-ms--cecmmmecccwecmmeoao-- 85,7 6.8 3.7 2,0 0.7 1.1 - -
7 YeArS-smmocmcmmnassmenccmmana————— 83.3 4.6 7.1 1.0 1.3 1.9 0.8 -
8 yearg--ssm---msecseccmamenimneeaao 88.8 3.7 3.5 2.1 1.9 - - -
9 years- ~m-ms-weccecemcmmeemcneee——— 94,9 - - 5.1 - - - -
10 years=s==-m--scecmcesmscecca———— 96.0 4,0 - - - - - -
11 yearS«==ssw~scmmmcnmnecs scnn .- 100.0 - - - - - - -

O
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APPENDIX |

STATISTICAL NOTES

The Survey Design

The sample design for the second cycle of the
Health Examination Survey, similar to the one used for
the first cycle, was that of a multistage, stratified
probability sample of loose clusters of persons in
land-based segments. Successive elements dealt with
in the process of sampling are primary sampling unit
(PSU), census enumeration district (ED), segment,
household, eligible child (EC), and finally, the sample
child (SC).

At the first stage, the nearly 2,000 PSU's into
which the United States (including Hawaii and Alaska)
has been divided and then grouped into 357 strata for
use in the Current Population Survey and the Health
Interview Suxvey were further grouped into 40 super-
strata for use in Cycle II of the Health Examination
Survey. The average size of each Cycle II stratum was
4.5 million persons, and all fell between the limits of
3.5 and 5.5 million. Grouping into 40 strata was done
in a way that maximized homogeneity of the PSU's in-
cluded in each stratum, particularly with regard to de~
gree of urbanization, geographic proximity, and degree
of industrialization, The 40 strata were classified into
four broad geographic regions (each with 10 strata) of
approximately equal population and cross-classified into
four broad population density groups (each having 10
strata). Each of the 16 cells contained either two or three
strata. A single stratum might include only one PSU
(or only part of a PSU as for example New York City
which represented two strata) or several scor.. PSU's.

To take account of the possible effect that the rate
of population change between the 1950 census and 1960
census might have had on health, the 10 strata within

each region were further classified into four classes’

ranging from those with no increase to those with the
greatest relative increase. Each such class contained
either two or three strata.

One PSU was then selected from each of the 40
strata. A controlled selection technique was used in
which the probability of selection of a particular PSU
was proportional to its 1960 population. In the controlled
selection an attempt was also made to maximize the
spread of the PSU's among the States. While not every
one of the 64 cells in the 4 x 4 x 4 grid contributes a

PSU to the sample of 40 PSU's, thecontrolled selection
technique ensured the sample's matching the marginal
distributions in all three dimensions and being closely
representative of all cross-classifications.

Generally, within a particular PSU, 20 ED's were
selected with the probability of selection of a particu-
lar ED proportional to its population in the age group
5-9 years in the 1960 census, which by 1963 roughly
approximated the population in the target age group for
Cycle II. A similar method was used for selecting one
segment (cluster of households) in each ED. Each of
the resultant 20 segments was either a bounded area
or a cludter of households (or addresses). All of the
children in the age range properly resident at the ad-
dress visited were EC. Operational considerations made
it necessary to reduce the number of prospective ex-
aminees at any one location to a maxzimum of 200. The
EC to be excluded for this reason from the SC group
was determined by systematic subsampling.

The total sample included 7 417 childrenin the 6-11~
year-age group with approximately 1,000 in each of the
single years of age and from 25 different States.

Reliability

Measurement processes employed in the survey
were highly standarized and closely controlled. Of
course this does not mean that the correspondence be-
tween the real world and the survey results is exact,
Data from the survey are imperfect for three major
reasons: (1) results are subject to sampling error, (2)
the actual conduct of a survey never agrees perfectly

‘with the design, and (3) the measurement processes

themselves are inexact even though standardized and
controlled,

The first report on Cycle II4 describes in detail
the faithfulness with which the sampling design was
carried out. It notes that out of the 7,417 sample
children, the 7,119 who were examined--a response
rate of 96 percent—gave evidence that they were a
highly representative sample of children of this age
in the noninstitutional population of the United States.
The response levels for the various demographic sub-
groups, including those for age, sex, race, region, popu-
lation density, parent's educational level, and family in-
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come, show no marked differentials. Hence, it appears
unlikely that nonresponse could bias the findings much
in these respects.

Measures used to control the quality of data from
this survey in general have been cited previously;* those
relating specifically to the vision tests are outlined in
an earlier section of this report,

Data recorded for each sample child are inflated
in the estimation process to characterize the larger
universe of which the sample child is representative.
The weights used in this inflation process are a prod-
uct of the reciprocal of the probability of selecting
the child, an adjustment for nonresponse cases, and a
post-stratified ratio adjustment which increases pre-
cision by bringing survey results into closer alignment
with known U.S. population figures by color and sex
for single years of age, 6-11.

In the second cycleof the Health Examination Sur-
vey the sample was *the result of three stages of selec-
tion~the single PSU from each stratum, the 20 segments
from each sample PSU, and the sample children from
the eligible children. The probability of selecting an
individual child is the product of the probability of
selection at each stage.

Since the strata are roughly equal in population
size and a nearly equal number of sample children were
examined in each of the sample PSU's, the sample de-
sign is essentially self-weighting with respect to the
target population, that is, each child 6-11 years of age
had about the same probability of being drawn into the
sample, ’

The adjustment upward for nonresponse is intended
to minimize the impact of nonresponse on final esti-
mates by imputing to nonrespondents the characteristics
of "similar" respondents, Here "similar'' respondents
were judged to be examined children in a sample PSU
having the same age (in years) and sex as children not
examined in that sample PSU.

The post-stratified ratio adjustment used in the
second cycle achieved most of the gains in precision
which would have been attained if the sample had been
drawn from a population stratified by age, color, and
sex, and makes the final sample estimates of population
agree exactly with independent controls prepared by the
Bureati of the Census for the U.S, noninstitutional popu-
lation as of August 1, 1964 (approximate midsurvey
point) by color and sex for each singleyear of age 6-11.
The weights of every responding sample child in each
of the 24 age, color, and sexclasses is adjusted upwards
or downwards so that the weighted total withinthe class
equals the independent population control.

In addition to children not examined at all, there
were some whose examination was incomplete in one
procedure or another, The extent of missing data for
the visual acuity test is shown in table 1,

Sampling and Measurement Error

In the present report, reference has been made to
ef'orts to minimize bias and variability of measure-
ment techniques.

The probability design of the survey makes possible
the calculation of sampling errors, The sampling error
is used here to determine how imprecise the survey
test results may be because they come from a sample
rather than from the measurements of all elements in
the universe,

The estimation of sampling errors for a study of
the type of the Health Examination Survey is difficult
for at least three reasons: (1) measurement error and
"pure' sampling error are confounded in the data—itis
not easy to find a procedure which will either completely
include both or treat one or the other separately, (2)

- the survey design and estimation procedure are com-~

plex and accordingly require computationally involved
techniques for the calculation of variances, and (3) from

Table 1. Number of examinees and extent of missing visual acuity tests, by age: Health
Examination Survey, 1963-65 )

Item missing

Total

6 7 8 9 10 11
years | years | years | years | years | years

Number of examinees

All examineegew~~==~~ B R LL L LT 7,119y 1,111 ) 1,241 | 1,231 | 1,184 | 1,160 1,192
Not given vision battery==s~semmncaa- SLLTTLETEE 36 12 10 4 4 5 1
Parts only missing:
Distance
Right eye~mermmesccmcccncencnencncnncnnnnn- 87 43 20 10 5 6 3
Left eyemmmmmmmmmccmcccccnnnnnun. SLLITETTEEE 89 46 18 9 5 7 4
Binocular==e-remrcnancanncnnnnnana L LT 69 32 16 7 4 6 4
Near
Right gyemsmmmmmmnccccccaccncnnanncnnnnnnnan 70 32 18 9 4 5 2
Left eye=smemmmmcmccmcuacanacennncancnnanan 72 35 18 7 3 6 3
Binocular-=~==~~ L L L L L L L L L 60 27 15 7 3 5 3
Q
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the survey are coming thousands of statistics, many for
subclasses of the population for which there area small
number of cases, Estimates of sampling error are

. Co . .

Table II. Standard error expressed in per~
centage for percent of persons with a speci-
fied acuity level: United States, 1963-65

obtained from the sample data and are themselves

subject to sampling error when the number of cases Pre"ale‘;“e in
in a cell is small or evenoccasionally when the number percentage
of cases is substantial. Test and age

Estimates of approximate sampling variability for : 1 5110 (25
selected statistics used in this report are presented in 8; 8€ 85 c_;;: 50
table II. These estimates have been preparedby a repli-
cation technique which yields overall variability through W
observation of variability among random subsamples Both tests ggiggiggggr;ging
of the total sample. The :nethod reflects both "pure" All ages
sampling variance and a part of the measurement vari- 6-11 yegrs___ 0.310,5] 0.8 1.0 1.5
ance,

In accordance with usual practice, the interval g 8.3 }_*% i-g %~%
estimate for any statistic may be considered the range 5]0.8]1.211.6 2.2
within one standard error of the tabulated statistic, with 5/0.,8]1.2 1,6 12,2
68-percent confidence; or the range within two standard 5 o.g 1~§ }.-2 %-%
errors of the tabulated statistic, with 95-percent confi- . 510.8)1. ¢ ¢
dence. The latter is used as the level of significance in Letter test
this report.

An overestimate of the standard error of a differ- A%}lig;zérs--- 0.3 0.5| 0.8 1.0 1.5
ence d=x-y of two statistics x and y is given by ’
the formula S =(SZ+S2)%? where §,and S, are the 6 years-----------.- 0.9/2,0] 3,0 ‘zhg g-g
sampling errors, respectively of x and y, shown in g ;gzzz::::::::: 8:2 ]6'.3 i:g 1.6 1202
table II. 9 years---=--------- 0.5| 0,8 1.2 1.6 |2,2

10 years=--=-----==- 0,5(0,8]1,2 1.2 %.%
Small Categories 11 years 0.5)0.8) 1.2 L. "
Landolt ring

In some tables magnitudes are shown for cells for -
which the sample size is so small that ‘the sampling A%Eligese;rs_“ 0.610.9)1.612.1]2.8
error may be several times as great as the statistic y : : : : :
itself, Obviously, in such instances the statistic has no 6 years-------=--< ~-{0,6|1,21,9]2,5]|3.0
meaning in itself except to indicate that thetrue quantity g ;::i:::::::::::: 0'2 1'1 3 '2 4'2 6'2
is small. Such numbers, if shown, have been included 9 yearse--==--c==na- %* %* * * *
in the belief that they may helptoconvey an impression 10 years----=-=----- * * * * *
of the overall story of the table. 11 years--------- =-- N T B B

000
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APPENDIX I

TARGET SPECIFICATIONS FOR VISION TESTING

Scoring Sheets Used for Master Ortho-Rafer Test

HEALTH EXAM |‘f“‘l.K.T:|ON SURVEY—II
VISION—DISTANCE

VISION TESTS (without glasses)
Check tests given first. D Far D Near (Odd numbers far first; even numbers near first)

DIAL
2, MONOCULAR D)STANCE—SMALL* 3. %%Q%I;fg‘gLSTANCE—LARGE‘
Line | Right eye (gggo"g, Left eye Score JLine [Right eye Score | Left eye Score
5 | VHDNS OZKRC ...... 50 CDZNO KSRVH ...... 5] 1 |SDK .. 4001 VNC ... 400
6 | DVZNC SRHKO ...... 40| CNRKH ZVSDO ...... 40{ 2 } RCSZO} 250 OZNKS} 200
7 | KNZCO SRDHV ..... 30 | DVHCK OZNSR ...... 30| 2 }{KNHDV, DRHCV :
8 | KNDRS ZVCOH ...... 25| CDKRO SZVNH ...... 25] 3 [HNZOS KRCVD ...... 100 | RZOHC KSNDV ...... 100
9 | VZCHD KNRSO ...... 20| CYHSZ ORKDN ...... 201 4 |ZHODC SVNKR ..... 70] RKNCZ HSDVO ... 70
10 | KZSVN HCRDO ...... 17| DNVHS OKRCZ ...... 17
11 | RCSNV KDHOZ ...... 15| ZHODC SVNKR ...... 15
12 [ROKHZ NSCVD ...... 12 |KHOZD CSNVR ..... 12 CODE v
3A; BINOCULAR DISTANCE—SMALL* 4A.°BIN'0’(EE°|:AE|gIS';ANCE—LARGE‘
Line Score Line Score
5 OSDNH VKZCR  ...... 50 1 KDS eeees 400
6 RHZCD OSVKN ... 40 2 ZSKeo |
7 SVNHO KCRDZ  ...... 30 2 ] VRH_DNJ '''' 0
8 RHSCK OZDVN  .....25 3 ZNSKH YDRCO  ...... 100
9 OZRVN HSCKD ... 20 4 OZCRH NSKDV ... 70
10 DRHVN ZSKCO  ...... 17
n OSKCV RZHDN  ..... 15
12 SKHDN OCVRZ ...... 12
m;%'e!&‘:"-%‘&"m (Dt i TR b vy et Pt tap Lok AR oot Ao e I
;p‘i‘s-un-s (PAGE 3) ! SAMPLE NO.
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HEALTH EX/MINATION SURVEY—II|

VISION—NEAR
7. MONOCULAR NEAR—SMALL® 8. MONOCULAR NEARLARGE®
Line Right eye éﬁ:ﬁo Left oye . Scors | Line Right eye Score Leit eyo Score

5 [CVRZS DKHNO ... 50| ZKCRV OHSDN ... so} 1 |Ncv e 400{ DSK e 400 ‘,

6 |VZKCO HRSDN ... 40| SDKVO ZRHNG ... 40 :} HNRCD} e cnszoK} e

7 [HSZKN OVCDR  _... 30 [ DHZRY SOKNC .. 30 voszZK NDVH ;

8 |OVRHS CNDZK ... 25 | DKOSN RVZCH ... 25] 3 |NDOCYV RSZKH ... 100 OKZHS NCVRD  ..... 100 !

9 [ZHCOR VDNSK  _... 20 | RKZVD OSNCH  ..... 20| 4 |VRCNZ OSDHK ... 70| RCOVN DHKSZ ... 70 "

10 |RHCVN SDKZO ... 17 |OKSRN DHVCZ ... 17 !

7 11 |cNZSR OHKDV  _... 15 | VRCHN 0zKSD -.. 15 ;
12 |ODCNH VRSKZ ... 12 | ROHKS VONCZ ... 12 CODE eoommeree. CODE e
9. BINOCULAR NEAR—SMALL® NS5. BINGCULAR NEAR—LARGES (
Line Scors Line Scare ,
5 5 OCVKR ZNSDH e 50 1 NvC e 400
;; 6 ZHOCV NDRKS e 40 2 czusn} ™ «
7 SDOVK HRNZC eeemes 30 DKORY, :
i 8 DNHKO ZSRVC e 25 3 KSDVO NHZCR - ceee 100 (
; 9 DSVKH ZNOCR 20 4 vZOCS HRNKD — 70 3
| 10 NZHKO RCVDS e 17 E
n SNCZO RKVHD T 4

12 DHNVO SCZKR - e 12 ’ CODE ........... ‘

*Disgonal line through each letter missed; horitontal line through ssctione of line not sttempied and through top full line not sttempted.

PHS-4¢11-8 (PAGE 4) SA! 3
264 ¢ MPLE NO.
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Scoring Sheets Used for Landolt Ring Charts

HEALTH EXAMINATION SURVEY—I!

VISION

: LANDOLT RING VISUAL ACUITY TESTS
DISTANCE TESTS* (at 10 feet)
LINE (Code) | RIGHT EYE |SCORE (Check) | LEFT EYE SCORE BINDCULAR SCORE
, i UDLUR e 200 UDLUR | ... 200 UDLUR -
2 RURDL 100 RURDL 100 RURDL e 100
3 olORL | ... 4 DLDRL | .. 4 DLORL — T4
\ 4 i 50 LROW | o 50 LROLU | o 50
5 URUDL o 393 uRUDL | .. 9.3 URUDL o 393
6 DUDRL | .. 286 DUDRL | ... 286 DUDRL | oo 26
7 UDRLD | ... 25 UDRLD | oo 25 UDRLD |  woe 25
‘ 8 RULDL | ... 24 RULOL | ... 204 RULDL | e 204
9 LUDLR T LOLR | .. 179 LUOLR | e 179
: 10 ULDRU 143 UoRU | 14.3 ULDRU e 143
n DURLU e 107 DURLU | 107 DURLU e 107

CODE CODE: CODE:
NEAR TESTS® (at 14 inches)
A LINE (Code) | RIGHT EYE | SCORE (Check)] LEFT EYE SCORE BINOCULAR SCORE
: 1 RUDLD 200 RUDLD 200 RUDLD e 200
i 2 DLADR T DLROF 160 DLROR e 160
f; 3 RDURU e 125 RDURU | .. 125 RDURU | oo 125
| 4 UDRUR- | .. 100 UDRUR | 100 WRUR | ... 100
: 5 Ao | 80 P . 80 RLOLU — 80
? 6 URLUD — 60 URLUD | .. 60 URLUD e 60
! 7 LOURD | ... 50 LOURD | o 50 LDURD | v 50
| 8 DROUL 4 DROUL e 40 DROUL | v )
e —
! 9 ULUOR | oo 0 ULUDR | o 30 ULUDR | o 0
1 10 DRURL e 25 DRURL e 25 DRURL | o 2
£ n LORUD | 20 LDRUD e 20 LDRUD - B
% CODE: CODE: CODE:

* Diagonal line through each latter missed; horisontal line through sections of line not attempted and Huouﬁh top full line not attampted.
** Roteat with diopter (34+) lenses at reached only those who score 20, 17, IS, or 12 or equivalent (11.4, 17.9, eto.) on regular test.
Binocular distance teat without regular glas nly.

PHS-4011-6 (PAGE B) . | SAMPLE NO.
264
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Specifications of Optotype Size, in Snellen
Targets Used in the Survey

Notation, and Number of Optotypes Per Line for

Snellen ratios for optotype

size

- Number of optotypes per line

Master Ortho-rater Landolt rings Orthlfgfz‘::':ier Landolt rings
Distance Near Distance | Near Distance | Near } D*stance | Near
20/400 | 13/250 -— ——— 3 3 ——- -—-
20/200 | 13/130 10/100 14/140 10 10 5 5
- 10/80 14/112 —-- -—-- 5 5
-— 10/62,5 [14/87.5 —— ——- 5 5
20/100 | 13/65 10/50 14/70 10 10 5 5
——- —— 14/56 - -—- ——— 5
20/70 | 13/45,5 |[10/35,7 --- 10 10 5 -—-
—— 14/42 - -—- ——- 5
20/50 13/32,5 {10/25 14/35 10 10 5 5
20/40 13/26 10/19,65 |14/28 10 10 5 5
20/30 13/19,5 [10/14,3 |14/21 10 10 5 5
20/25 13/16.,25 |10/12,5 |14/17.5 10 10 5 5
20/20 13/13 10/10,7 |[14/14 10 10 5 5
20/17 13/11,05 |10/8,95 -—- 10 10 5 ——-
20/15 .13/9,75 |10/7.65 -—- 10 10 5 ——
20/12 13/7.8 10/5,35 -——- 10 10 5 -——-
oNeXeo
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OUTLINE OF REPORT SERIES FOR VITAL AND HEALTH STATISTICS
' Public Health Service Publication No. 1000

Series 1. Programs and cotlection procedures.--Reports which describe the general programs of the National
Center for Health Statistics and its offices and divisions, data collection methods used, definitions,
and other material necessary for understanding the data.

Sevies 2. Data evaluation and methods research.—Studies of new statistical methodology including: experi-
mental tests of new survey methods, studies of vital statistics collection methods, new analytical
techniques, objective evaluations of reliability of collected data, contributions to statistical theory.

Series 3. Analytical studies.—Reports presenting analytical or interpretive studies based on vital and health
statistics, carrying the analysis further than the expository types of reports in the other series.

Series 4. Documents and committee reports;=Final reports of major committees concerned with vital and
health statistics, and documents such as recommended model vital registration laws and revised hirth
and death certificates,

AT I s T L
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Series 10. Data from the Health Interview Survey,—Statistics on illness, accidental injuries, disability, use of
hospital, medical, dental, and other services, and other health-related topics, based on data collected
in a continuing national household interview survey,

Series 11. Data from the Health Examination Survey.—Data from direct examination, testing, and measure~

ment of national samples of the population provide the basis for two types of reports: (1) estimates
: of the medically defined prevalence of specific diseases in the United States and the distributions of
R the population with respect to physical, physiological, and psychological characteristics; and (2)
i analysis of.relationships among the various measurements without reference to an explicit finite
E:j. universe of persons.

% Series 12. Data from the Institutional Population Surveys.~Statistics relating to the health characteristics of
l persons in institutions, and on medical, nursing, and personal care received, based on national
samples of establishments providing these services and samples of the residents or patients.

Series 13. Data from the Hospital Discharge Survey.~-Statistics relating to discharged patients in short-stay
hospitals, based on a sample of patient records in a national sample of hospitals,

. Series 14. Data on health vesources: manpower and facilities.— Siatistics on the numbers, geographic distri-
bution, and characteristics of health resources including physicians, dentists, nurses, other health
manpower occupations, hospitals, nursing homes, and outpatient andother inpatient facilities.

Series 20. Dala on mortality,.—Various statistics on mortality other than as included in annual or monthly
reports—special analyses by cause of death, age, andother demographic variables, also geographic
and time series analyses.

Series 21. Data on natality, marviage, and divorce, — Various statistics onnatality, marriage, and divorce other
than as included in annual or monthly reports—special analyses by demographic variables, also
geographic and time series analyses, studies of fertility.

Series 22. Data from the National Natality and Mortality Surveys.—Statistics on characteristics of births and
deaths not available from the vital records, based on sample surveys stemming from these records,
including such topics as mortality by socioeconomic class, medical experience in the last year of
life, characteristics of pregnancy, etc.

For a listoftitles of reports published in these series, write to: Office of Information

National Center for Health Statistics
U.S. Public Health Service
Washington, D.C. 20201
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